Introduction
Globally, prevalence of the elderly population (>60 years) has gradually increased over the past few decades. In Sri Lanka it accounts for 12.3% of the total population (1) , which is the fastest growing 65 elderly population in South East Asia (2, 3) . It is well-documented that worldwide there is a higher 66 prevalence of malnutrition in the institutionalised elderly compared with the free-living elderly (4) (5) (6) (7) .
67
Existing literature suggests that nutritional status has a major impact on the health and functional 68 status of older individuals. Furthermore, biological, physiological, social and psychological changes 69 often accompanied with aging along with increased prevalence of morbidities enhance the 70 susceptibility of the elderly to be malnourished (8) . (9) . Nutritional status is a key determinant of quality of life, morbidity and mortality of 76 older people.
77
In Sri Lanka, pre and primary school children, adolescents and pregnant mothers are recognised as suggesting a growing demand for care (10) . Furthermore, recent studies performed in India and
82
Malaysia showed a higher prevalence of malnutrition in the institutionalised elderly (4, 11) . 
Methods

91
Study design and participants
92
This study was conducted with a cross-sectional design followed by a stratified sampling method.
93
Ethical clearance was obtained from the Ethical Review Committee of the Sri Lanka Medical
94
Association (ERC/13-037). The study aimed to recruit 300 elderly men and women, with an 95 expected prevalence of 20%, with a power of 95% and a 5% significance level, which included a 96 drop-out rate of 10% (12) . A total of 311 older adults (age ≥60 years) were recruited from 12 homes 97 for the elderly from six provinces, which were considered as primary units, in Sri Lanka. (13) . Participants were asked to remove jackets, shoes,
119
and jewellery and empty their pockets, before body weight was measured using a calibrated 
124
According to the WHO cut-off values for Asians, a BMI of ≤18.5 kg/m 2 is considered a marker of 125 undernutrition (14) . A non-stretchable measuring tape was used to assess the MUAC, which was 126 taken at the midpoint between the acromial process of the scapula and olecranal process of the 127 elbow of the non-dominant arm when the forearm was hanging relaxed at the side. The two 128 categories of MUAC were <21 cm and ≥21 cm, with <21 cm being an indicator of undernutrition (15) .
129
CC, considered the most sensitive measure of muscle mass in the elderly (16) , was measured with the 130 subject sitting in a chair with the knee and corresponding ankle kept bent to a 90˚ angle. The 131 researcher knelt beside the lateral side of the left calf and a loop of measuring tape was placed 132 around the calf. When the largest circumference was located, by moving the loop up and down the 133 calf, the tape was pulled snugly around the calf. This measurement was recorded to the nearest 0.1 134 cm and two consecutive measurements were taken and the mean circumference recorded (15) . As 135 categorised in the mini-nutritional assessment tool (MNA) (17) , the two categories of CC were set as: 136 1) <31 cm and 2) 31 or >31 cm.
138
Dietary diversity
139
A single 24-h dietary recall was used to assess dietary intake. The recalls were taken on random 140 days (week or weekend day) by a trained researcher to minimise day-to-day variation. All foods and 141 drinks consumed on the previous day were obtained in direct chronological order by following the 142 standard protocol of multiple-pass recalling technique (18) . of the major food groups as described in Sri Lankan food-based dietary guidelines (19) . Those food 149 groups were: 1) cereal or equivalents (starchy foods), 2) vegetables, 3) fruits, 4) meat, fish, eggs and 150 pulses, 5) dairy and 6) added sugars. The quantity of household measures for one serving of food in 151 the selected food groups were obtained as defined by Jayawardena et al (20) . regression analyses were performed to determine the risk factors associated with undernutrition.
165
Data presented represent mean (standard deviation; SD), unless otherwise specified.
Results
168
The study sample consisted of 45% men (n=140) and 55% women (n=171 (Table 3) .
183
Food allergies, skipping meals and lack of leisure activities significantly increased the risk of 184 undernutrition, whereas the use of dentures decreased the risk in both univariable and multivariable 185 logistic regression analyses (Table 4) . 
194
In the present study, the institutions studied were non-paying homes for the elderly. The majority anthropometric indicator to determine undernutrition in elderly (22) , nearly one-third (30%) of the 204 studied residents were identified as being undernourished, with a similar prevalence among men 205 (28.6%) and women (31.6%). According to the WHO cut-offs (15) , (23) . In this study group, protein-rich food consumption was below the national 212 recommendations. Additionally, based on the cut-off defined from the MNA tool (17) , 74% had CC 213 of ≤31cm. Previous studies identified CC as a potential marker of physical function, which provides 214 valuable information on muscle-related disability and physical function (16) . High prevalence of low
215
CC showed weakness in leg strength and physical function in this population.
216
Dietary diversity, used as a simple tool to identify those at risk of food and nutrition insecurity (24, 25) 
217
and as a marker of population micronutrient status (21) , was assessed using three measures: FVS,
218
DDS and DSS. A recent study conducted in Sri Lanka demonstrated that FVS, DDS and DSS were
219 useful proxy indicators of nutrient adequacy of elderly people (26) . Macro-and micronutrient 220 deficiencies are public health concerns in Sri Lanka due to the monotonous, cereal-based diets that 221 lack diversity. Several studies have shown that the overall nutritional quality as well as nutrient 222 adequacy of the diet is improved with a diverse diet (27) (28) (29) (30) . DDS is a major element of a high quality 223 diet as it represents the variety of the diet. In the current study, none of the dietary diversity 224 measures of the study sample met the optimum level (DDS was approximately 7 out of 12 food 225 groups considered) suggesting that both the quality and quantity of their diets were poor. Only 226 cereal consumption was within the recommendations. Noticeably, consumption of fruits, vegetables, 227 dairy and animal foods were substantially lower than the minimum national recommendations.
228
Since the quality and quantity of the diet is inadequate, there is a higher tendency of developing elderly. Moreover, consumption of fruits, both fruits and vegetables, meat, fish and egg portions per 236 day were relatively low among the undernourished elderly than the nourished elderly.
237
The nutrition and behaviour risk factors associated with the prevalence of undernutrition in the 238 institutionalised elderly from this study were in line with those of previous studies (31) (32) (33) . the ability to visualise, smell and taste foods decreases (34, 35) and there are distinct changes in 243 gastrointestinal function, which likely reduces motility rates and disrupts digestion or absorption (9, 244 36, 37) . All of these age-related changes are associated with an increase in the satiety hormone 245 cholecystokinin and a reduced feeding drive, both of which result in a loss of appetite (38) .
246
Supportive of previous literature (33) , the present study observed that skipping meals was fold higher risk of undernutrition in univariable analysis, which supports previous work (31) .
253
Loneliness is associated with negative factors, including boredom, restlessness and unhappiness,
254
and ultimately leads to a decrease in food intake. Results of the present study indicate that a lack of 255 leisure activities was associated with 3.2 times higher risk for undernutrition, which is comparable 256 with previous findings (39) . Indeed, we found that the use of dentures was associated with less 257 undernutrition in elderly. In line with our findings, a recent study reported a positive association 258 between both tooth loss and denture status and being underweight in the older elderly from Sri 259 Lanka (32) .
260
The strength of this study was its diversity of homes for elders in Sri Lanka, representing six out of visual recognition aids were used, as well as commonly used household measures to minimise the 266 recall biases (40) . Oil and fats were not estimated in this study. Coconut fat is the major contributor of accurate intakes of fats and oils (41) . The MNA is one of the most widely used tools for assessing 270 malnutrition in the elderly but has limitations in its application for non-Western and non-Caucasian 271 populations (42) . Therefore, the modification of nutrition assessment tools according to different 9 populations is recommended to effectively assess the nutrition status of the elderly in both the 273 developed and developing countries.
275
Conclusion
276
The prevalence of undernutrition, as determined by BMI, in the institutionalised elderly in Sri
277
Lanka was high, and both the quantity and quality of diets failed to meet national recommendations.
278
Food allergies, skipping meals and lack of leisure activities all significantly contributed to 279 undernutrition. This high degree of undernutrition identified in the current study emphasises the 280 need for the development of a tool specific to the Sri Lankan elderly population to detect the 281 emerging nutrition problems and to allow a timely intervention to prevent the occurrence of severe 282 undernutrition in this vulnerable group. 
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